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[57] ABSTRACT

An expiration suction passage communtcating with an expi-
ration blowing part provided with a non-airtight mask is
connected to a forward end surface of a syringe through a
two-way on-off electromagnetic valve, while an expiration
fransmission passage communicating with a sample outlet is
also connected to the forward end surface of the syringe. A
two-way on-oif electromagnetic valve is provided in the
expiration transmission passage, and an O, sensor is pro-
vided between the electromagnetic valve and the sample
outlet as a standard gas sensor. The syringe has a capacity
capable of collecting several breaths, and a sucking opera-
tion is driven at a speed for collecting several breaths in
single suction.

6 Claims, 5 Drawing Sheets
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1
EXPIRATION COLLECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an expiration collector for
collecting expiration from a subject as a sample, for ana-
lyzing the expiration sample in an analyzer such as a gas
chromatograph. |

2. Description of the Background Art

A chinical test for diagnosing, curing or preventing a
disease is generally made on blood or urine. On the other
hand, expiration 1s employed in the laboratory level as a
specimen for a clinical biochemical test other than those for
blood and urine, leading to such recognition that expiration
also includes information as to a disease. The expiration test
has such an advantage that the expiration can be collected at
any time in a painless manner.

Methods of collecting a specimen of expiration for mea-
suring components of the expiration specimen by an ana-
lyzer such as a gas chromatograph are roughly classified into
three types, i.e., a chemical trap method of blowing expira-
tion into a solvent for dissolving the former in the latter, a
cold trap method of blowing a large amount of expiration
into a cold trap which is cooled to about —80° C., for
example, for condensing the same, and an adsorption trap
method of adsorbing expiration components to an adsorption
trap which is charged with activated carbon or adsorption
resin (Scientific American, July 1992, pp. 52-57). Among
these, the cold trap method and the adsorption trap method
have already been put into practice.

In the cold trap method, the sample as trapped 1s generally
partially injected into a gas chromatograph through a micro
syringe, to be subjected to analysis. However, it 1s extremely
difficult to put this method into practice as clinical test
means for a hospital routine which must be quickly and
readily carried out while bringing the analyzer into the
bedside of a patient.

In the adsorption trap method, expiration components
which are adsorbed by the trap are heated and desorbed to
be introduced into a gas chromatograph. However, this
method is not suitable for a clinical test for a routine which
must be quickly and readily carried out while bringing the
analyzer into the bedside of a patient either, 1in addition to
such an essential problem that adsorptivity of the adsorption
trap 1s varied with the components.

In expiration which is subjected to analysis, an 1nitial part
containing air from a dead space is eliminated so that a part
called end-tidal air is most suitably employed as a sample for
the analyzer. The end-tidal air, which contains only alveolar
air with homogeneous concentration of expiration compo-
nents, is excellent as a specimen. In an expiration test,
therefore, the end-tidal air is measured as the most reliable
specimen expressing the state of the subject, while a specific
apparatus is required for collecting the end-tidal air.

On the other hand, the method of collecting the expiration
by blowing the same into an apparatus is applicable only to
a conscious subject. For example, it is difficult to correctly
collect expiration from a subject who 1s unavailable for
communication such as a baby, a child, a soporose patient or
an unconscious patient. If the subject is healthy but old, for
example, it may also be difficult to test the end-tidal air in
consideration of his physical strength.

A gas measurer such as a gas chromatograph is now being
put into practice as a clinical test appliance with improve-
ment of sensitivity, miniaturization and a technique of
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implementing portability. When such a gas measurer is
applied to an expiration analyzer for carrying out a quick
clinical test, it is necessary to simply collect expiration in a
gas state without trapping the same by a cold trap or an
adsorption trap, for directly guiding the expiration to the
analyzer so that reliable test data can be obtained in a short
time. In order to attain high practicality of such a clinical test
appliance, it is necessary to simplify the operation for
collecting expiration which is employed as a specimen.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
expiration collector which can automatically sample expi-
ration and guide the same to an analyzer in a simple

operation even if a subject is unavailable for communica-
tion, in order to attain a clinical test appliance with an

expiration specimen.

The expiration collector according to the present inven-
tion comprises an expiration blowing part which is provided
on its forward end with a non-airtight mask to be applied to
a respiratory organ, and a collecting mechanism communi-
cating with a base end portion of the expiration blowing part
and having a suction and discharge mechanism for collect-
ing expiration in a collecting vessel and transmitting the
expiration which is collected in the collecting vessel toward
an expiration measurer, a passage switching mechanism for
switching passages by opening and closing an expiration
suction passage from the expiration blowing part to the
collection vessel and opening and closing an expiration
transmission passage from the collection vessel toward the
expiration measurer, heating means for heating the expira-
tion blowing part, the collecting mechanism, the expiration
suction passage, the expiration transmission passage and the
passage switching mechanism to a temperature exceeding
the body temperature of a subject, and a control part for
controlling the passage switching mechanism and the col-
lecting mechanism to open the expiration suction passage
and close the expiration transmission passage in collection
of expiration in the collecting vessel for sucking the expi-
ration in the collecting vessel over a period for a plurality of
breaths and to close the expiration suction passage and open
the expiration transmission passage in transmission of the
expiration for discharging the expiration from the collection
vessel.

The non-airtight mask provided on the forward end of the
expiration blowing part, which is adapted to cover the
respiratory organ including at least one of the mouth and the
nose of the subject for sucking expiration {rom the subject,
is provided with pores or clearances or made of an air-
permeable material so that the mouth and the nose of the
subject is not blocked but the subject can breathe in a normal
state. A portion of the expiration blowing part located
between the mask and the base end portion 1s made of an
clastic material which 1s hard to react with or adsorb
expiration components. The collecting mechanism 1is
adapted to temporarily store the expiration which 1s sucked
through the expiration blowing part in the collecting vessel,
for transmitting the same toward the expiration measurer
after expiration gas concentration is homogenized in the
collecting vessel. The passage switching mechanism 1is
adapted to switch the passage for sucking and collecting the
expiration in the collecting vessel and transmutting the
expiration from the collecting vessel.

If moisture which is contained in the expiration is con-
densed to adhere to the inner wall of the passage for feeding
the expiration sample, target components of the expiration
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are dissolved in the condensed moisture and reduced in
amount, to cause incorrect measurement. Therefore, the
heating means heats the passage for feeding the expiration
sample to a temperature exceeding the body temperature of
the subject, thereby preventing condensation of the moisture
contained in the expiration.

The expiration is sampled through the non-airtight mask
from the subiject by suction, and hence ambient air 1s also
incorporated in addition to the expiration. Further, expira-
tion other than that called end-tidal air containing only
alveolar air is also incorporated since the expiration 1is
sucked over a period for a plurality of breaths. In order to
analyze the expiration which is mixed with that other than
the end-tidal air and ambient air for obtaining an analytical
value corresponding to the end-tidal air, 1t 1s necessary to
make correction 1n relation to dilution of the expiration with
the air.

In a preferable mode, a standard gas sensor 1s provided in
the expiration transmission passage for detecting at least
either O, gas or CO, gas as standard gas for calculating
dilution of the expiration sample from standard gas concen-
tration which is detected by the standard gas sensor with
reference to standard gas concentration in the end-tidal air,
thereby correcting the measured value of expiration coms-
ponential concentration.

This correction is on the premise of such recognition that
O, concentration and CO,, concentration in end-tidal air are
substantially constant regardless of the subject. Even if the
expiration sample 1s diluted with ambient air and air exhaled
from a dead space, O, concentration or CO, concentration
in the expiration sample 1s measured as standard gas con-
centration, to obtain the dilution of the expiration sample
from the measured value of the standard gas concentration
with reference to O, concentration or CO, concentration in
end-tidal air which is supplied as a constant, thereby cor-
recting the measured value of the expiration componential
concentration.

When O, gas 1s employed as standard gas, correction 1s
made as follows:

[A=f- Q21 a, DIAIA21-[b4]) (1)

assuming that [A] represents a target componential mea-
sured value of the expiration sample, [b,] (vol. %) represents
O, concentration in the expiration sample, [A'] represents
the corrected target componential measured value, [a,] rep-
resents O, concentration in the end-tidal air which 1s sup-
plied as a constant such as 15.3, for example, and f,
represents an experimentally prescribed coefficient such as
1.67, for example. The numeral “21” 1s O, concentration
(vol. %) in the air.

When CQO, gas is employed as standard gas, on the other
hand, correction 1s made as follows:

[A'l=for[a,][A VD) (2)

assuming that [b,] represents CO., concentration in the
expiration sample, {a,] represents CO, concentration in the
end-tidal air which 1s supplied as a constant such as 4.9, for
example, and {, represents an experimentally prescribed
coefficient such as 1.26, for example. Expiration which is

temporarily collected and thereafter guided to a measurer for
- measurement is reduced at a constant rate as compared with
that directly guided to the measurer for measurement. The
coefficients f; and f,, which are adapted to correct such
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4

reduction caused in this method, are preferably obtained
every specification, since the coeflicients are varied with the
gas components as measured and the structure of the appa-
ratus.

According to the present invention, it 1s possible to collect
expiration for several breaths for transmitting the same to
the expiration measurer while allowing normal breathing of
the subject by simply applying the mask of the expiration
blowing part to the mouth and the nose of the subject and
starting collection. Thus, it 1s possible to automatically
collect expiration of not only a normal but a subject who is
unavailable for communication such as an unconscious
patient or an infant. The collecting vessel can average
several breathes for transmitting the expiration to the mea-
surer, whereby it 1s possible to obtain a reproducible mea-
sured value.

When the sensor for detecting at least either O, or CO, 1s
provided in the expiration transmission passage, it 1S pos-
sible to obtain highly reliable expiration componential con-
centration by correcting the measured value of the expiration
sample diluted with ambient air and expiration other than
alveolar air.

When the inventive expiration collector 1s connected with
an expiration analyzer, it is possible to analyze expiration
while omitting complicated operations. Alternatively, the
inventive expiration collector can be employed as an inde-
pendent automatic collector.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a perspective view showing the appearance of an
embodiment of the present invention;

FIG. 2 i1s a sectional view showing a principal part of the
embodiment according to the present invention;

FIG. 3 1s a timing chart showing the operation of the
embodiment shown 1n FIG. 2;

FIG. 4 1s a sectional view showing a bellows type vessel
which can be employed in place of a syringe provided in the
embodiment shown in FIG. 2; and

FIG. 5 1s a sectional view showing a principal part of
another embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 11s a perspective view showing the appearance of an
expiration collector according to an embodiment of the
present invention. An expiration blowing part 2 has a
forward end portion which is provided with a non-airtight
mask 4, and a base end portion which is connected to a
collector body 3. The body 3 stores a collecting mechanism
and other mechanisms of the present invention. A power
supply switch 6, a transfer switch 8 for switching the
operation mode between a suction mode and a transmission
mode, and display lamps 10a, 106, 10c and 104 for display-
ing the operation modes are provided on a front panel of the
body 5. The display lamps 10a and 100 are adapted to
indicate the suction mode (*“Suction™) and the transmission
mode (“Meas.”) respectively. The display lamp 10c¢ indi-
cates whether it 1s possible (“Ready”) or impossible
(**“Wait”) to command a subsequent operation by changing
its color, and the display lamp 104 displays performance of
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temperature control by heating means for preventing mois-
ture contained in expiration from being condensed on a
passage. A gas connection port 12 is connected with an
expiration measurer through a pipe for supplying an expi-
ration sample which 1s collected by this collector to the
expiration measurer, and a signal connection port 14 1s
adapted to transfer electric signals between the collector and
the expiration measurer.

With reference to FIG. 2, the internal mechanism of this
embodiment is described in more detail. A tube forming the

expiration blowing part 2 is prepared from polytetrattuoro-

cthylene as an elastic material neither reacting with nor
adsorbing expiration components, and a heater which 1s so
temperature-controlled that its inner wall temperature 1s 40°
to 50° C. is wound on this tube. The mask 4 1s mounted on
a forward end of this tube with a clearance defined therebe-
tween so that a subject can normally breathe when the mask
4 is applied to the subject’s mouth and nose.

The base end portion of the expiration blowing part 2
communicates with an expiration suction passage 22, which
is provided in the collector body & and connected to a
forward end surface of a syringe 24 through a two-way
on-off electromagnetic valve 20. An expiration transmission
passage 28 communicating with a sample outlet 12 1s also
connected to the forward end surface of the syringe 24. This

expiration transmission passage 28 is provided with another -

two-way on-off electromagnetic valve 26, and an O, sensor
is provided between the two-way on-off electromagnetic
valve 26 and the sample outlet 12 as a standard gas sensor
30. The standard gas sensor 30 may alternatively be tormed
by a CO, sensor, or a sensor which can detect both of O, and
CO,. This gas sensor 30 is adapted to correct expiration
components diluted with ambient air and expiration other
than alveolar air which are incorporated from the expiration
blowing part 2 with the expiration, by using equations (1) or
(2).

The syringe 24 has a capacity capable of collecting
several breaths, such as 1 to 3 liters, for example. A driving
mechanism 32 comprising a motor as a driving source drives
the syringe 24 in directions for pushing and retracting its
piston.

The expiration suction passage 22, the syringe 24 and the
expiration transmission passage 28 are stored in a thermostat
36, and controlled to be at a constant temperature of 40° to
50° C.

A controller 34 is adapted to control switching operations
of the electromagnetic valves 20 and 26, the operation of the
syringe 24, and lighting of the display lamps 10a to 104. In
order to suck an expiration sample in the syringe 24 to
collect the same, the mask 4 is applied to the respiratory
organ of the subject for continuously collecting several
breaths while opening and closing the electromagnetic
valves 20 and 26 respectively. In order to average the breaths
as collected, the driving mechanism 32 retracts the piston of
the syringe 24 over 1 minute by a command from the
controller 34, so that the syringe 24 is filled up with the
expiration sample in this period. In order to transmit the
expiration sample which is collected in the syringe 24 to the
expiration measurer, the driving mechanism 32 drives the
piston for entirely transmitting the expiration sample col-
lected in the syringe 24 in about 6 seconds while closing and
opening the electromagnetic valves 20 and 26 respectively.
In a purge mode which is prepared for washing the passage
for the expiration with air after the expiration sample 1s
transmitted from the syringe 24, the piston of the syringe 24
is reciprocated 3 to 5 times while opening and closing the
electromagnetic valves 20 and 26 respectively.
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With reference to FIG. 3, the operation of this embodi-
ment 18 described 1in detail.

In order to collect expiration, the mask 4 is applied to the
mouth and the nose of the subject, and the transfer switch 8
is switched toward a suction side to apply power. The
electromagnetic valves 20 and 26 are opened (on) and closed
(off) respectively, and the driving mechanism 32 retracts the
piston of the syringe 24 so that the expiration 1s sucked into
the syringe 24 with ambient air. When this suction 1s
continued for 1 minute, the operation of the syringe 24 is
stopped and the electromagnetic valve 20 1s closed. Then the
lamp 10c is switched from “Wait” to “Ready’.

- When the operator switches the transfer switch 8 toward
the transmission (Meas.) side, the electromagnetic valve 26
is opened and the driving mechanism 32 pushes the piston
of the syringe 24 upon a lapse of several seconds. Aiter the
piston is so pushed as to entirely transmit the expiration
sample from the syringe 24 in 6 seconds, the syringe 24 is
stopped and the electromagnetic valve 26 is closed. Thus,
the expiration sample is completely transmitted.

A purge mode operation is started upon a lapse of several
seconds. The electromagnetic valve 20 is opened to repeat
the sucking and transmitting operation of the syringe 24
three times. Thereafter the collector enters an initial state to
be prepared for next expiration collecting.

The syringe 24 provided in the embodiment shown in
FIG. 2 can alternatively be replaced by a bellows type vessel
38 shown in FIG. 4. A driving mechanism 32 comprising a
motor expands and contracts the vessel 38 to suck and
transmit expiration. The operation of this vessel 38 1is
identical to that of the embodiment shown in FIG. 2, and
suction, transmission and purge modes are controlled at the
timing shown in FIG. 3.

Such a bellows type vessel 38 has excellent durability.

FIG. 5 shows another embodiment of the present inven-
tion. In order to suck and collect expiration from an expi-
ration blowing part 2, a coliecting pump 40 1s provided 1n an
expiration suction passage 39 which communicates with the
expiration blowing part 2. The collecting pump 40 is suit-
ably formed by a diaphragm pump having a flow rate of
about 1 to 5 liters/min. In a collecting vessel 42, only two
wall surfaces 44a and 44b having single sides 1n common
are fixed while remaining wall surfaces are formed by
bellows type ones. This collecting vessel 42 1s partitioned

- into a sample chamber 42a and an atmosphere chamber 42b

by a movable plate 46 which is mounted to be rotatable
about the common side of the fixed wall surfaces 44a and
44b. A three-way electromagnetic valve 48 is provided
downstream the collecting pump 40 so that outlets thereof
are connected to the sample chamber 424 and the atmo-
sphere chamber 42b respectively. The sample chamber 42a
is connected with an expiration transmission passage 28
which communicates with a sample outlet 12 and comprises
a two-way on-off electromagnetic valve 26 and a standard
gas sensor 30 for detecting at least either O, or CO,. On the
other hand, the atmosphere chamber 42b is connected with
a discharge passage 52 comprising another two-way on-off
electromagnetic valve 50.

Also in this embodiment, an expiration blowing part 2 is
heated while the collecting pump 40, the three-way electro-
magnetic valve 48, the collecting vessel 42 and the expira-
tion transmission passage 28 are stored in a thermostat 36
and heated to 40° to 50° C. The capacity of the collecting
vessel 42 is about 2 liters in total of those of the collecting
chamber 424 and the atmosphere chamber 425b.

In order to collect expiration in the embodiment shown 1n
FIG. 5, the three-way electromagnetic valve 48 is switched
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to connect the collecting pump 40 with the sample chamber
424 and the electromagnetic valves 26 and 50 are closed and
opened respectively so that the collecting pump 40 1s driven
to transmit expiration to the sample chamber 42a from a
mask 4 with air. The collecting pump 40 operates for about
1 minute to collect the expiration while spreading the sample
chamber 42a. At this time, the atmosphere chamber 42b is
contracted while discharging air which has been contained
therein through the discharge passage S2.

In order to transmit the expiration sample which is
collected 1n the sample chamber 424, the electromagnetic
valves 26 and S0 are opened and closed respectively so that
the three-way electromagnetic valve 48 is switched to con-
nect the collecting pump 40 with the atmosphere chamber
42b. At this time, the expiration or air received from the
collecting pump 40 enters the atmosphere chamber 425 to
expand the same, whereby the sample chamber 42q is
contracted so that the expiration sample which has been

stored therein is transmitted to an expiration measurer
through the sample outlet 12.

In order to perform a purge operation after transmitting
the expiration sample from the sample chamber 42a, the
three-way electromagnetic valve 48 1s switched toward the
sample chamber 42a while separating the mask 4 from the
subject, and the electromagnetic valve 26 is opened to drive
the collecting pump 40 continuously for several minutes. At
this time, air which is sucked from the expiration blowing
part 2 passes through the sample chamber 42a to be dis-
charged through the expiration transmission passage 28,

thereby washing the passage for the expiration sample.

The present invention is not restricted to the embodiments
shown 1n FIGS. 2 to §, but may be modified in various
manners.

Although the present invention has been described and
illustrated in detail, 1t 1s clearly understood that the same is
by way of illustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What is claimed is:

1. An expiration collector comprising:

an expiration measurer;
a non-airtight mask to be applied to a respiratory organ;

an expiration blowing part being provided on a forward
end with said non-airtight mask;

an expiration suction passage connected to said expiration
blowing part;

a collecting mechanism connected to said expiration
suction passage and communicating with a base end
portion of said expiration blowing part, and said col-
lecting mechanism having a collecting vessel and a
suction and discharge mechanism for collecting expi-
ration in said collecting vessel and for transmitting said
expiration being collected in said collecting vessel
toward said expiration measurer;

an expiration transmission passage connected to said
collecting vessel and said expiration measurer;

a passage switching mechanism for switching passages by
a) a first switch means for, opening and closing said
expiration suction passage from said expiration blow-
ing part to said collecting vessel and b) a second switch
means for opening and closing said expiration trans-
mission passage from said collecting vessel toward said
expiration measurer;

heating means for heating said expiration blowing part,
said collecting mechanism, said expiration suction pas-
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sage, said expiration transmission passage and said
passage switching mechanism to a temperature exceed-
ing a body temperature of a subject; and

a control part, connected to said first and second switch
means and said collecting mechanism, for controlling
said passage switching mechanism and said collecting
mechanism a) by controlling said first switch means to
open said expiration suction passage and by controlling
satd second switch means to close said expiration
transmission passage in collection of expiration in said
collecting vessel wherein said expiration is sucked into
said collecting vessel over a period of a plurality of
breaths and b) by controlling said first switch means to
close said expiration suction passage and by controlling
said second switch means to open said expiration
transmission passage in transmission of said expiration
wherein said expiration 1s discharged from said col-
lecting vessel.

2. An expiration collector in accordance with claim 1,

wherein

a standard gas sensor 18 provided in said expiration
transmission passage for detecting at least one of O,
gas and CO, gas as standard gas so that dilution of an
expiration sample is calculated from standard gas con-
centration being detected by said standard gas sensor
with reference to standard gas concentration in end-
tidal air, thereby correcting a measured value of expi-
ration componential concentration.

3. An expiration collector in accordance with claim 1,

wherein

said control part for controlling said passage switching
mechanism and said collecting mechanism in a purge
mode by sucking air from said expiration blowing part
and 1ntroducing said air into said passages and said
collecting vessel for feeding said expiration, therein
purging said passages and satd collecting vessel with
said air.
4. An expiration collector in accordance with claim 1,
wherein
said collecting mechanism i1s a syringe comprising a
driving source being controlled by said control part, so
that said expiration suction passage and said expiration
fransmission passage are connected to a forward end
portion of said syringe, said passages being provided
with switching valves therefor as said passage switch-
ing mechanism.
5. An expiration collector in accordance with claim 1,
wherein

said collecting mechanism 1S a bellows type vessel of a
- variable volume having a driving source being con-
trolled by said control part in its base end portion, so
that said expiration suction passage and said expiration
transmission passage are connected to a forward end
portion of said vessel, said passages being provided
with switching valves therefor as said passage switch-

ing mechanism.
6. An expiration collector in accordance with claim 1,

wherein

a space of a constant volume of said collecting mecha-
nism 1s partifioned into a sample chamber and an
atmosphere chamber by a movable plate so that said
expiration transmission passage is connected to said
sample chamber and a first on-off valve partially form-
ing said passage switching mechanism 1s provided in
said expiration transmission passage while a discharge
passage comprising a second on-ofi valve 1s connected
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to said atmosphere chamber, said collecting mechanism closing said first on-off valve and opening said second
further comprising a suction pump communicating on-off valve in collection of said expiration in said
with said expiration blowing part, and a switching sample chamber while allowing said suction pump to
valve partially forming said passage switching mecha- communicate with said atmosphere chamber by said
nism for switching to connect an outlet of said suction 5 switching valve, opening said first on-off valve and
pump to either said sample chamber or said atmosphere closing said second on-off valve 1n transmission of an
chamber, and expiration sample from said sample chamber.

said control part allows said suction pump to communi-
cate with said sample chamber by said switching valve, I T B
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